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The objeciive of ihis shudy is to compare the kinelic and thermodynamie
propetties of bisuifite acdition to tans sinnamaldehyde and two trans-
cinnamaldehyde detivatives in order to examine substititen] eftects on these
g rHes. The equiiibrium constanis arpH 4.63 and at 25C of two para
substiluted denwatives were determined using 2 speotrophiotoretic technique,
The equilibrium constants were delerimined lo be 799 M1 and 1340 ML {or 4-
dimethylaminocinnatmaidebyde and 4-nitrocinnamaldehyde tespectively,
Equilibrium constants were also determined at various emperaties, and

changes in enthaipy and enfropy wete caloutated tc bel -39 Kdfmol and -8
Hmol tor 4-dimethylaminocinnamaldebyde, and - 18 Kdfmoi and .1 J/molK fos
4-nifrocinnamaldehyrie,

The forward rate constants were also defermined, at oH 4.83 and 24.5C,
by foltewing absarhiaoce of e sidefiyds capon claiiion of bisgifite] with respect
to tirme, undii eanitibriom is teached, The: wh e conslams 1o 4-

<.ﬁn‘;9tl'|yiannm.‘u\it'\(i._'ﬂ‘naix:r-!".y«'!»'-,- ard 4-piltocimamaldehyde were 4.0 M v and

4ZMTs T vespectively. By cateutation, the severse tate constants were 1.3 s 1 and

1.1 57 for d-dimethylaminocinnamaldeiv e snd 4-nitrocinnamadehyde

rezpectively,
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Grosjean has res neentrations of ddehydes inthe Los Angeles
area during intense smoq episodes (7). In addition L fornaldehyde levels as

high &3 4% ppb and acetaldehyde levels as high as 35 ppb, several other

carhonyl compourds were confirrned lo be present in significant amounls,

Measurements of propanal, bulanal. Z-butancne, and benzaldehyde were made.
Grosjean's measurements made b Clarermont, 50 km eastaf L&, showed that
carbonyl compound concentrations were al maxima when srnag fronis frorm LA,

from burning

Murger has teund sirmitar support for this i
A3 previously stated these catbanyls can form adducts with S{1V]
nount ¢f SIVY available for conversion to
ardls, et al, found thal S(IV) levels were more than 100 Hmes the
st given conditions (9). W the presence of formaldehyde,
hydrogen peroxic
peroxide was in excess, ‘ o that oxidation was inhibited by adduct
forrnation and subssquent stabilization of the reduved sulfur species, One third
uf the total ineasured S{V; was found in the fonm of hydroxymethane sulfonate,
HMEA, the product of torraldehyde-hisuifile adduct formation. The vest of the
S{IV) rust be ted up in adducts of other carbonyl compounds,
The reaction of torrmaldely nd bisulfite is the simplest example of

adduct forymna @ reaclion prooseads as fulfows

T e
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C-0 + HSD;" &= H-C=S05
H H

The equilibiinm constant for this 1 is reported 1o be £5,000 MY al pH 5.0
(10}, There is a corresponding reaction knowi 1o lake place between bisuifiie

and higher ddehydes and sorme unhindered ketones (3.

OH
R

\ N | ~
Q/C,o + HSO; R_cl -0,
R

According to Lowry, &t al, these reactions are more favarable with aldehydes
thar Ketones, and the equilibrium constants decrease with higher aidenydes

{111, Munger. el al, concluded thal the adduct formation is most favorable &

lerpeiatures around §C, pH 3-8, and high {1V} concent ations {§).

Amosphetic chermistty, There it form adducts comnpeles tor S{V) with the

oxidation reaction. The forrmer reaction rasilis in the ulliraate production of one

hydionen ion, while the laiter reastion produces wn. There may be aminor

mporkan conisequence is

eflect on lie acidity of rainwaler. However, lie more
that tie procuction of the hydrogen fon by reaction of e adductis delayed uniit
the cloudwater avaporates. Thus, sulfu poliitants rmay be carrled as S{V) (via
adduct formaiion) tor some distance fion the soutce betore iLis oxidized o

produce acid.
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Although the formation of aaduct ralative 1o the oxidation process
{3}, aldehydes and kelon an slift comnpete for 3[1Y) because the adducts
formed are very stabile, The slow rate izseciztion of the adduct canlead o a
Build up of the adduct (and thus SIV)) [8). In contrast, the oxidation reaction
ivolves an irreversible reaction of S{1V) to S{viL

The axtentlo which carbonyl-bisuliite adducls can alfect S{IV) chersistry
depends on the equilibyiurn constant and kinetics of the parteular adduct
formation reaction, Therefore i iz important to study the thermodynamics and
kinetics of these reactions and i ors that affect thermn. Hlis the purpose of
his study to explors the effects of substituents on wromatic aldehydes on rates
and exterds of adductformation upon ¢ on of bisulfite,

@ sludy sirmilar 1o his one, Young and Jencks siudied substituent effects
inthe reactions of substituted acetophenones wilh bisulfite (12}, The >quitibriurs
constants and rale conglarts they found (al 75C and ionie strengih=1.0; are

tabulated below,

The resulls above can he used tn prodict the eftects of simitar sibstituents used

i this resaarch proj

fhis study will concenirate on bizuiite addition to tans-cinramaidehyde

and 'wo ot its derivatives, in order to x o the inductive eifaots of the

5
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this aldeliyde js tlow encugh o sliow taveral absorbancs neasurements before
the reaclion reaches equilibrium, Thus s possible o detaimine the forward
and reverse rale constants

aquilibr

shor the

tired by Kokesh anc
2 is rooniored wilhi o dire on
o deterraing the rate constanis for the reaction. The
deterrined Ly oliowing the absotbance st equilibrivm
sfter eaoh of & veries of bizyiite addiions, 1 are made based
e as thi 212 no interference with absorbance
due to bisuiile o buffer. Alea ifis as

sttt sad wivile the

t'sLaw, Thusitisi
aldetpde adheres 1o Beat's Law. To check this, 3 orbance agains

aldeliyde concentralion i imade | and a2 linear relationshin |© taken ag proot of

adherence o Baer's L ow,

e derivalions for the equations (o the flibr i constant, Keq. and the

torward rate constant, i, and the rever = rate sonstant, k. can be found in

LeTare's thesis | 131 Heg is calouizied om x plot of




where A i3 the abscibance of the aldehyde al equilibriumn, € is the extinction
soeflicient, {Cly is the initial aldehyd ntration and [S] is the concentration
of added bisultite. The equilibriun constant is oblained by dividing the slope by
the interoept

The torward rale constant, ky. is zaloulated trom the rate constant
obiserved when bisulfite is in excess [oreating a psuedo first order reaction by
rivaking bisulfite concentration essentially constant), X', using the tatlowing

equations:
k' = -islope (A, -A i Ay
ky = k' [HSOq
where 8, is the initial absorbanae shing

equilibrium, and the slope is the siops of a tiot of In { A-Ayg vs. lime, A plotof &

vS. {HS Oy yields a slope equivalant to the value of k. The reverse rate constard

san be caloutaled frorm the experimental values of rgq and ky:




EXPERIMENTAL

PREPARATION OF SOLUTIONS
Bufter:

addition rea s ware caried oot in a buffered solution with

Ali b

pH 4.63 1o ensure thal the dominant S{IY] species present was HS03-. ATGM,

11 acelio acid/sodiur acatate buier . with pH corrected 1o 4.8, and ar jonie

strength of 1.0, was used. Oneracie of sodivm acelate was weighed directly

irto 3 1 Jiter volirmet

vic flask, and ohe mole o id was pipelted info the

same flask, and this was diluted to 1 titer with defonized wader. The ph was

usted with NaOH ar T us! prior to reaching the cne liter mark with water,

This buffer did nol absorh sliongly al the wavelengihs of inferast in this

experiinant

Aldehyde solutions:
Aldehyde stock solutions on the order of 102 M were prepared jor ans-

cinnarmaldehyde, 4-nilrocinnamaldebiyds. and 4-dimethylarninccinnamaldehyde.

The aldehyde ¢

rapounds wera waighed directly ints 10 m! volumedric flasks

and ther: difuted 1o 10 ol with 100% ethanol Trans-cinnarnaldehyde is available

as afiquid, so itwas distlled 1o improve the putity of the stock solution prepared

fromil, The ehyde de

a

tives were available at solids, The purity

tion curyes

of each of these colulians was cunfirmed by NMFR analysis, Cs

were mnade for each aldefyde in order to chieok for adherencs 1o Bear's Law, and

to deterraine their exinotian coefficients in the acelsls bufter. O

e prepared,

these aidelyde solutions were stopad undes Hil oy

Srbrown glass botlles,

at -4C. These sofulions were raplacad every fowr weeks,

A IR
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1
Sodium Bisulfite: '
- A st tar of approx dy 05 Mwaz prepared by welghing the
: : ;

Suditn Bisvifile divectv into 5 500 mf volurmetic flask

Fdiluling 1o 500 mi with
deionizad water. The stack solulion was Htraled with a standard iodine solion

1o de

QErnine i

molaiity

|
The cuncentration of this stook solution changed ‘ 1
i

very lillle over the courze of several months, However, steok solutions of

approximately S X 10 2 Mand 83 103 in order o make a ;

bisulfite addition of reasorably measurable volime These diliuted stork

solutions w fion of

1Qes in concernt

S

{0 &0V, was hus i ze solulions before each set

Y 1o prepare th

ofruns,

INSTRUMENTATION

AFerkin-Elrner Lamnbda 3F spec a7 with 3 Perkin-

0D yrijey Druthances in the LIVAAS

Elmiet

nputer was

region. The dalz for 1 was eollected

USING & prog scorbanice of

led KINS. The KINS program me

the solution i the sample « el ofig Secona of ang hall sevond,

ally tifle=r rimues). The progiam could

output the data as digits, or in the form of » graple All measurerments were taken
using one e absorplion o

Thetemperature in the

cell compar ed using a Neslab

Endcol RT-9 4

fated aircy 71 thenmnmeter

ating waler b

Wal o

Ho ‘.:51!(61&15;;@3;::11::9remii;‘ags-, pHreadings were made nging an Grion

701A dgital fonavze:,
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METHOD

Determination of equilibrivm
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- For d-dimelylarninocinnarmaldehyde, several

'

cell using a
yde concentr dions in the cell was
.J

299nmm was read directly

190 nirn was recorde

M Bisulfite solution wera
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1 10 bisuilite concentrations in
hisulfite additon, the celt
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i
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tredautatsent,

Determination of Fiate Conslants
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Loeaine
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aeif consanlrations of {24 X 1973 M HS tor work with 4-

dimethylaminocinnamaldehyds | and 167 X 10 4M HSCg- 1o work with 4-

it GGinraraldelyd

ded o it A equat sddition of bosullite is then made

o the sanipla el s clepped o e exact time of bisulfite

addition so that tin

acorded by the dJalabiase can be aorrected i

absorbance readings will conesnond 1o actial e passed gnce the addifion of
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discavered until tater thad te comnputer proararm did not collec data untit 12
seconds after the program was Started, Starting the stopwateh wiien the
prograr starts data collection. instead of when he program is initiated, will
simplity the caleulation of t5.] Onoe the bisulfite is added. the ceil is quickly
inverted fo yaix the solution i angd returned 1o the cell cornpartroent in order
to monitor a3 rauch of e ase in absorbance as possible. Absorbance
caclion

comes 1o equiibrium well before five minutes {at Z5C), the constant absorbance

al the end ofthe run is laken as the a : al equitibriurn, or atinfinity.




RESULTS

4-DIMETHYLAMINGCIMNAMAL DE HYDE

Aliterature value for the exinction coefficient of 4-

dirnethylaminocin aldehvde, DMACA, in buffer .was notfound, As afirst

approximation, it was assumed to be pearly that of tans-cinnamaldehyde, which
is 75,400 in buffer Using this value for the extinction coefficienlE, and Beer's Law

{Abz.=Ebxconc.. where ceillenglhb.=1om

of aldehyde concentrations
which would produce arange i absorbance from 6o 1 absorbance unit was

caloulated. A scan frorm 202 nim to 120 nm showed that the wavelength of

maxirum ab 106 Wi 299 The wa

1t of maximum

for rans-¢ maldehyde in the same buffer was 241 nin.

The aclual absorbance measurernents {at 339 rir} from these DMACA

sobitions i bulfer are plotted zgains! the « entration of DMACA in Figure 1.

The correlation coefficient for the line prody : ane. indicating that the

adetiyde does follow Beet's Law. Algo, the slope i3 equal o the real extinction

joe that this value

coeflicient of DMACA In acetate bufter: the vajue s 26,000, Ng
Is vary cloge to that of trans-cinmarmaldehyde. as expectad, since the conjugation

in bolir aldehydes is similar

The axdinction shltained airove was then used o determine what

initial LMACA concentrations should be usad to give an inilial absorbances of
approximately 1,6, and .4, inthies

DMACA in runz o

paraimns, The initial concentrations of

i C16B M 2 31X 10 OM, and 165 X

165M e £9 M bisultite solition were

added, resulling in a range of bisulfile concenttalions from $1o 1,62 X 1073 M,
However, the first addition alene resulted in a bisulite concentration (.69 X

104N 3 exnss of carbony! concentralion s necessary that bisulfite be in

P4
i4




Figure 1 Absorbance vs [DMACA] in Buffer

1.2
y =0.013 +0.026x R=1.00

slope=26,000

[DMACAY/e-6 M

Figure 2
1/A vs [HSO3-],Varying [DMACA]o

10

[HSO3-] /fe-4 M

5

[DMACA]=1.540-5M
y=2.1475 + 0.0657x

[DMACAJ=2.31e-5M
y = 1.4588 + 0.0426x

[DMACA]<=3.466-5M
y =0.9911 + 0.0297x




ex0ass i order lo usa the expression for the equitibriun: conslant derived by
LeTarte |13)

Figure Z sha slot ol 1Absotharce v, [bisulfite] t of the three
muns. I zach case, the equilibiiun constam wa ated by dividing the slope
by the ilercept The resulls tabulated in Tabte ow tha the equilibrivn
sonstant is indeperdent of carbonyl concentration. The average equilibriury

constant for bisulfite adaition to DMACA, 5l 25,5 C, was 2902 7 M1

Table 7 Keg o7 Bistiltite Addition to DMACA
{temperature=75.5¢

[EMACALLM Kogt !

300

797

106

7997
The equilibrivia constant i3 temperature dependent, and plotting infKgg)
vs. LT allows a defetminaiion of the ohange in eathalpy AH and the change in
snlropy 057 for the reaction. Figure 3is a plot of 1A vs. [HSTy] for five runs,

varying lemperature. In each run the inifial concentiation of DMACA is .46 X

10°5M. again, the siopes are divided by the intetcepts to obtain the equitibrium

constants. The resulis in Table 7 show that the equilibium constants increase as

ihe temperatiste is d
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Figure 3
1/A vs.[HSO03-}, Varying Temperature
for DMACA

1/A,T=32
1/AT=25.5
1/A,T=15
1/A, T=8
1/A,T=0.5

[HSO3)/e-4 M

Figure 4
In Keq vs. 1/T, for DMACA

=-10.129 +4.723x R=1.00

InK (DMACA)

3.4 3.5

1/Temp /e-3 Kr-1




Tabie 3 Kaq 1o Bisulfitz Addition w DMACA
{[DMACA] = 146

Fun TempfC Ko

[N .

(SN

The HitKegi vs 14T s plotted in Flgure 4. The slope and intercept are used

tecaleulate Hend S for bisulfite addition to DMACA using these refationships:

H = slope*f  and S = intercept*R

where F=qgas conslant=+. 21441 dpmolk.  H was caleuiated to be -39 KJimol,
and  xwas caloutated lo be -84 jimolK,

The torward and reverse rate on astants were

determined for bisulfite

tian to DMAGA. The data was collectad as dasaribed in the experimental
section. Figutes 5-7 show plats of A=Ay vetime tor ires runs, The initial
concentration of DMACA 1S 251 ¥ 155 M for aach run, and the termperature is

24 80 or e

Hrun. while the concentration of Gisullite added is varied. k' for

sl run s caloulated from the piots in Fiqures 5-7, as desoribed in the
introduction. Table 4 summmarizes the conditions used and the k' vaues

obtaired.




Figure 5 In{A-Ainf) vs. Time, for DMACA
[HS03-1=6.72 -4 M

y = -2.1898 - 3.4506e-2x R"2= 0.979

In(A-Ainf)

40 60
Time (sec)

Figure 6 In{A-Ainf) vs. Time, for DMACA
[HS03-1=1.34e-3 M

t . -1
I y = - 1.7247 -3.37870-2x R*2=0.994
p —
, <
‘ <
£
.3
-4 T T T

[+] 20 40 60
Time (sec)

Figure 7 In{A-Ainf) vs. Time, for DMACA
[HS03-]=2.56 -3 M

= -1.2365 - 3.3909¢-2x R"2 =0.999

In (A-Ainf)

S A 2N TR ¢



Flgure
5

[

7
f

KRS0 D, as described in the introduction. Thiss the forward rate constat for

bisullite addition io DMACA was detennined i e 4,0 M 751, and by calcutation,

the reverse rate consiard was 1,3 X 10 -2 -1,

A-MTRGCINNAMAL DEHYDE

The results for bisulfite addition to 4-nitovinnataaldehyde, FNCA, were
obidined in lhe same manner as described abovs o1 the tesachion with DMACA.
An absorbatioe spectrur of FNCA showed thal the wavelength of maxirmum
absorbance was 308 i, Al subisequent absorbance readings wete thus made
al this wavelendth. A plotof absorbance vs, FNCA concentration in hutfer is
showrt in Figure 4, Tles tinea fetationship is prool that FNCA adhberes to Bear's

Law, and the slope is equal to the extietion neo

fiicient of FNCA in butfer. The
valtie tor £ ablained is 22,100, sitailar 1o Bial of trans-cinnatralidehyde.

The exquiiibniurn ennstant tor bisuiiite aadition bo FNCA was detetmined at
Yatous ibilia conventcatons of FNCA 10 Gleeck al the constant was
indeperdent of carbonyt concentation. Gnos adan. it was necassary that

bisulfitz be present in excess, However, i

was discovered that usiy bisultite
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Figure 8

k'1 vs [HSO3-], for DMACA
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Figure 9
Absorbance vs [FNCA] in Buffer
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' Figure 10
1/A vs [HS03-],Varying [FNCA]o
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riotresult i a finear plot of 178 ve. [bisulfiie]. The reaction with FNCA is so
Tavorable thal bisuifite concentrations had o be decreased by atacior of ten.

Thus 10 microliter afiquets of 008068 M HSO3" were added, rasufting in bisulfite

soncentrafions ranging frorm 010 1.62 X 104M. Iy most runs, only after the
B second aliquot of bisulfite was added was the bisulfite in excess of carbonyl

concentration,

The inilial FNCA concentrations for the three runs were 4.26 X 105,

o s 1,340% 90 M-,

| ZBEXT05M. and 1.69 X 105M. The temperature was 25C for all three suns. |

: Figure 10 shows a plot of 17A vs. [bisulfite] for each of he three runs, Iy each

| o case. the equilibrium constant was caleilated by dividing the slope by the

| intercept. The results iisied in Table § show that the equilibriur constant, Keg is

‘ independent of carbonyt concentration. The average equilibrium constant of 250 |
|
|

Table 5 Ky for Bisulfite Addition to FNCA

K3
{farnperatire=25C) £
Fun [FNCALM Keg/M1 |
1 1,420 1
7 1,240
1,376 %
ave 1.240%90 |

inorder to datermine AHand A tor the reaction, the equilibrium

T

constants alvarious temperatures wete oblained. it was found that below about

5C, itwas not pessible fo geta constant absorbance reading. Figure 11 shows

aplotol 1/A vs. [HSOq ] fot seven runs, vatying temperature, In each run, the




Figure 11 FNCA
1/A vs. [HS03-], Varying Temperature
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Figure 12
In Keq vs. 1/T, for FNCA
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Figure 13 In(A-Ainf) vs. Time, for FNCA
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Figure 14 In(A-Ainf) vs. Time, for FNCA
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Figure 15 In(A-Ainf) vs. Time, for FNCA
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The values of &’ ware plolted against the bisulfite concentration in Figure
16, From the slop2 of this graph, the forward rate constant for bisulfite addition
1o FNCA, was delermined to be 42 M 1s' 1, By calculation, avalye of . 1 X 10-21

onstant,

was found for the reverse 1a

o
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Figure 16
k1' vs [HSO3-], for FNCA
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The Kired
additicn o thatr

resulls oblained In LaTarte's sudy of tans-cinnamaldetyde [13), in Table 8. As

apo

determined in this study. The value obla
LeTarte's value of 1030 M1

waohd be comparabl

+

Was ad

recatcuiated using her data (o repint k' vs. [HSOg ] for trans-cinnamaldehyde.

this time excluding the {0.0) point,

wavelengil of
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extinction
coafficient
in butter

KoM
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tad

able &

ard it odyne

{was
1tid sinoe LeTarte’s value

as the trie value, LaTarte's forws

trans- o

75,400

i
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)
o

DISCUSSION

perties delermined for bisulfite

ans-cinnamaldehyde dervatives are presenled, along with

or comparison, an aquilibrium constant for rans - cinnamaldehyde was
= was 1100 M1, which was closeto

senchided thal resulls from the two studies

Summary of Resulis

DMACA

199

26,600

2997

-391

STEA

4.0t

UIoan av

g2 of three runs, it




Error vadues hiave been assigned to e resulls in Table 2 s estimated
that the minirum enre 2sults nblained by this experimental procedure is
A% andis due to enorin e Inilal carbonyl soncentrations, The error in the

equifibriur constans is estinled by taking the greatest difference belween

values obtained. and dividing by two. The error in the entropy and enthalpy

values is calculated by drawing high and low lines through the data points and
using the equations of 4 lines to caleulate Kigh and low values. Therange
froim the low value ta the high value, divided by two, gives the erior associated
wilh the measured value. The eriof in AH and AT for bizulfite addition to FNCA is
thus estimated. 1t should be noted that the eror in this paticular case is

y cverestimated since the error aralysis weighs heavily onie poird which

clearly oul of line with the othe ; 2 ';.;, s niote the fifth
Sinaz the DMACA d@ olted in | eq ¥8. UT. yialds atine with &
sortelation coelficient 311,00, the erroy in AH and A% for DMAGA is estimated jo
e diritations in the accuracy of aldehyde
canlrationg),

Fie epror in the torward rals oo 113 13 est ad by sdrawing bigh and
low iines through tha dala peints as desaribed above, Figures @ and 16 show
the data points, for GMACA snd FNCA valy, with a linear Jeast squares fit,
Theoralically, the intercapts of both plots should be zero, 1is found thal the
intercept 1or the K vs, [(HSOz ] pint for FNOCA does qo to zero. within the firits of
sxpetimnental @rror The infercapt for the € ve, [HSOg ] piattor DMACA does not

O Zero within the limits aimeital erton. The intercepl given by the east
squares filis 1,2500 -3, v oyalie s estirpated i e 57997 e-4, This is
arcimpontant obsaivalion be st ndicatay thalthers 2 some astieaction,

ather than bisglfita addition, ¢ wurifig which invaives some spocies prasent in




.
tow concantr e ihat this fast reaction may involve the
jor. Als is Aol ohserved in data for bans-

4 & the rates of bisy ion o ihege

tihan the rale d

o DMACA

aininductive and aresonance
eftect ot the -NICHgls group is electron donating
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ofits overwhelming el
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& i the equilibium constant and rate
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e

w0 4-dinethylaminocinnanaldehyde (relative lo

rans-cinnaraldehyde) was observed,
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i electron withdrawing, and the erapiy bIALT of M make -NOg polentially

, =lection wilhdyawing by re The election withdrawing substituent

;i tacilitales the bisulfite adidition b bonyt carbon to be rmore

: electron deficien [refative to the carbonyl carbon in tran: -cinnamaldehyde), thus

veller snabling iHo accept the negative bizulfite fon. Thera is therefore ag

f obsetvad inareasa e rate of bisuttite addition (o 4-nirocinnamaldehyde,
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Harrrel sigis

1o assess a given substituent's el

henzaie acids, The substivent effacts cheerved i the wonization of banzo

betitierds on the bisulfite addition

can beused o

]

i

reaction. Of ona bans-sinmarmaldahyde derivalives imust

be made before any quantitative comparisons can be drawn belween the two

reactions. However, sins the fong are similar {inveiving aromatic systerns

atbon's

arbony!

of about the sarne size, and a reaction that deps

+f substituents shiould be simitar.

ability to acoept a negative oharqe) the effe

ron donating subrstituerds, and

igrna values are 1

wn withidrawing substituents, while H {corresponding to the

nia value of zers, The following

the trend in substituent effects observed

e oh Haromell sigma values.

The evidence o far indicates that e first step in the fechanisim tor

bisultite addition to a carbonyl compoursd |5 indead he plance of the

negative ion and nol hydro on addition {which corpes laler). the hydrogen
was added before the sulfite jon, we would expedct the trend in equilibrium and

rate values fo be opposile of that which was observed.

e o the re

el alive sensitivity of the

Tharesults in Table & also give

ward rae constard appearsto be a
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. Notice thal the for

thar the equilibrium
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[Hafuls

constapl. There is only @

4-dimethylandrocinnamal dehyde to 4-nilrocinnamaldenyde. Meanwhile. the rate

Har of ten from the fonmer derivative to the laller,
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Atthis time, itis appropriate 1o consider whether significant amounts of
bisulfite are alty ed up as adducts with the compounds used in this study.

The equilibriur conslant for the addition of bisulfite to an aldehyde is defined as:

Hen = [addudi] { {bisuifite] {aldebydel}.

This refalicnship can also be exprassed ag

[Bisulite] / [adduct] = 1/{K, [aldehyde]}

The yatio on the Jeft side of the last aquation is & reasure of what fraction of
Bisulfite present in the almosphere exists as an adduct, and whal fraction is free
bisulfite {known 1o be quickly oxidized to S{V1) in the presence of HpOg). Unless
the bisulfite tied up as adduct is greater ihan 10% of the tolal bisultite
soncenttation, it can be said that tha extent of formation of thal adductis
insignificant,

Assuming aldehyde concentrations are onthe order o1 ZX 106 M [which
is reasonable for lonmaldehyde, but concenlations of other aldehydes are
tower), a range of equilibriur constams can be substitued into the equation
above to determine 2l what value of equilibriurn constant, adduct formation

becomes significant. Table 9 shows the results of such caleulations.




H Arounts of Bisulfite

X105 Mj

Kag % bizuifite in the

farrn of adduct
25000 i ~1 4%
69,660
15,000
1,650
100 £.000:1

The results in Tabie § sug that bisuliite addifion 1o aldehydes with an
equilibrium constant 1ess than 65,000 M is insigniiicant. Formaldehyde has
been reported to have an equilibriven constant of £5,060 M- {10}, and
4.000,000 MY {163, In either case, it seems hat adduct formation with bisuifite
and foimaldehyde is important o the - rerall scheme of eloudwater of mistry,
However, acetaldehyde has the highest equilibrium constant, 1eported to be
16,000 M7 U171 From Table 9, itis clea that even af the cverestimated aldehyde

rtration. bisulite addition to acetaldehyde could only take up fess than 3%

taldelyde concentrations are

-Bisutfite addustis not a

der of 100 - 1.000 M1, Jiis

extremely unlikely (assuming significant amonnts o bisulfile

additcts will forpn with p i loudwate
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